ABSTRACT
INTRODUCTION
One of the main aims of systematics is to determine the phylogenetic sequences leading to modern forms. Electrophoretic data are now widely used in systematic studies (Buth, 1984) . To be of value for systematics the character should meet two important criteria. First, the observed variation should have a genetic basis. Second, each taxonomic character should be independent of all other characters used. Electrophoretic data meet both these criteria (Richardson et al., 1986) . Moreover, the rate of nucleotide and amino acid substitutions are thought to be relatively constant. Such constancy of change permits the use of electrophoretic data for systematic studies (Nei, 1987) .
Species of the genus Littorina have been a difficult group for taxonomists. Electrophoretic data have helped to confirm the status of some species, e.g. those of the 'saxatilis', 'obtusata' and 'scutulata' species complexes (Ward & Warwick, 1980; Mastro et al., 1982; Janson, 1985; Ward, 1990; Johannesson & Johannesson, 1990; Knight & Ward, 1991) . Many studies have been devoted to the investigation of population structure in littorines (Ward & Warwick, 1980; Janson & Ward, 1984; Janson, 1987; Knight et al., 1987; Knight & Ward, 1991) . However, there have been few examples of the use of electrophoretic data for examining phylogenetic relationships in the genus Littorina (Ward, 1990 and references therein). These few cases have compared only Atlantic species and there have been no attempts to compare Atlantic and Pacific species genetically. The difficulty of such investigation is that simultaneous electrophoresis of as many species as possible is needed.
Genetic comparison of Atlantic and Pacific littorines is especially interesting now, because recently Reid (1990a) proposed a cladogram of the genus Littorina based on morphological characters. According to Reid (1990b) the northern Atlantic species originated from at least two immigrants from the Pacific. Atlantic L. littorea evolved from an ancestor common with Pacific L. squalida, while the other Atlantic Littorina came from an ancestor common with Pacific L. sitkana. It is of interest to know whether electrophoretic data support the hypothesis. If the hypothesis is true, it can be predicted that L. squalida and L. littorea should be more genetically similar to each other than to other littorines and L. sitkana should be more similar to the remaining Atlantic littorines.
In this paper a comparative electrophoretic analysis of four Pacific species (L. sitkanaspecies were from both the White and Barents Seas. Pacific species were from two points in Peter the Great Bay, Sea of Japan. L. mandshurica and L. squalida were from Vostok Bay only.
Animals were kept alive until electrophoresis (which was done at the Vostok station, Institute of Marine Biology). Horizontal electrophoresis was carried out using 13% starch gels as described by Zaslavskaya (1989) . Altogether, 26 enzymes and 31 loci were screened. However, some enzymes were not investigated (or were not revealed) in some samples or species. In all 14 samples 15 loci coding for 13 enzymes were investigated. All of the eight species were studied for 17 enzyme loci (Table 1) .
To process the data, the BIOSYS (Swofford & Selander, 1981) , NTSYS (Rohlf, 1988) and PHYLIP (Felsenstein, 1990 ) packages were used.
RESULTS
A dendrogram for the 14 populations studied is given in Fig. 1 . This dendrogram was produced from estimates of genetic distances (Nei, 1972) over 15 loci by UPGMA (unweighted pairgroup method) using NTSYS. Because intraspecific differences were much smaller than interspecific differences, we will present data on pooled samples for each species.
Allele frequencies at each of 17 loci for the eight species are given in Table 2 . Estimates of genetic similarity and distance over all loci between all pairs of species are given in Table 3 . Figures 2 and 3 show the dendrograms of genetic relationships among the eight species based on data from Table 3 . One of the dendrograms (Fig. 2) was constructed by UPGMA, which gives rooted trees, while the other was constructed by the unrooted Fitch-Margoliash method. Figure 4 is a dendrogram constructed by the Distance Wagner procedure based on Roger's distance. Each of these methods is based on different assumptions. The UPGMA method would correctly reflect phylogeny if the molecular clock hypothesis applies. The other two methods (Fitch-Margoliash and Distance Wagner procedure) are thought to give the correct phylogeny even if different rates of evolution took place in separate branches (Richardson et al., 1986) . obtusata and L. sitkana. Only when using the Distance Wagner procedure did the species of the obtusata complex, L. obtusata and L. mariae, cluster together (Fig. 4) . Neither of the other two methods gave the correct picture, instead clustering L. saxatilis with L. obtusata (UPGMA, Fig. 2 ) or L. saxatilis with L. mariae (Fitch-Margoliash method, Fig. 3 ). Perhaps this discrepancy can be explained by large sampling error, because of the small number of loci used. The second group includes the L. brevicula-L. mandshurica cluster and the L. squalida-L. littorea cluster. The two groups recognized here on the basis of genetic similarity correspond respectively to the two subgenera Neritrema and LUtorina, as used by Reid (1990a) .
The genetic data support the hypothesis of Reid that the northern Atlantic species originated from two Pacific species: L. li'torea in the Atlantic being the sister species of L. squalida in the Pacific, and the Atlantic species of L. (Neritrema) forming a monophyletic group with L. sitkana as a sister-taxon (Reid, 1990a, b) . It is interesting to note that the genetic distance between L. squalida and L. littorea (Reid, 1990b and references therein).
The dendrogram (Fig. 2 ) also confirms the evolutionary sequence of the type of reproduction and development proposed by Reid (1990a) littorea. However, it should be remembered that genetic distance estimates are subject to large sampling error when the number of loci is small, as in our case.
Thus, the examination of genetic relationships of European and Asian littorines largely confirmed the phylogeny produced by comparative morphology. Table 2 . {contd.). Thirteen loci were screened, only seven of which were among those examined in the earlier study (Table 1) . The results obtained (Table 4 , Fig. 5) 
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Figure 4. Relationships between eight species of Littorina (Distance Wagner procedure). Species abbreviations as in Table 1 . 
